Abstract---
INTRODUCTION
HOTONIC crystal is a periodic arrangement of multilayer structure where propagation of electromagnetic wave is governed by change of refractive indices of those dielectric materials. Photonic crystal fibers are developed on the physics required for the primary purpose of optical communication. This enables to achieve the distant dreams, may not be possible with conventional fiber technology. These are also called microstructured fibers; consist of solid core with airholes arranged in general triangular lattice format along the axis of the core. Effective modulation of geometrical parameters of PCF's such as air-hole spacing, pitch, air-hole diameter etc, will provide a greater flexibility from the application point of view in the domain of optical communication [1] , sensing [2] , high power technology [3] , optical nonlinearity [4] , integrated photonics [5] , quantum information science [6] . It may be considered as a revolution in the next generation communication scenario.
Effective cladding index is defined as the largest modal index of the photonic crystal structure without any defect states; has a critical importance in determining the optical performance [7] . It is the effective index of the fundamental space filling mode, and is a function of the operating wavelength. It influences the single-mode behavior [8] , bending loss [9] , dispersion properties [10] of the optical fiber. Silica as a material for deign of photonic crystal fiber was proposed much earlier [11] , and it is also demonstrated that suitable deposition of different materials changes the modal properties [12] ; which is important for biosensor applications. Importance of single mode propagation is emphasized by Birks [13] , and for that purpose, V-parameters plays an important role. Later Cregan analyzed the same when propagation is considered through air [14] . Numerical methods are already applied by eminent researchers [15] to study waveguiding properties for higher order modes. Effect of effective core area was also studied on field distributions at optical communication frequency ranges [16] . Experimental investigation was also carried out [17] to observe the effect of geometrical parameters on optical properties at desired frequency range.
Nielsen [18] first provided some analytical formulae for computation of V parameters of photonic crystal fiber, and Baggett [19] made a comparative study with conventional optical fiber. It is already established by researchers that PCF can provide far better performance precisely form the point of view of dispersion and loss than conventional fiber. Different designs are also prescribed by researchers [20] to improve the performance. In general, triangular core pattern is considered for simulation and experimental works, and present work is also based on that structure. Empirical relations method use the fitting coefficients obtained form experimental results, and thus it can safely be considered as the first-hand performance predicting method for PCF.
In the present paper, V-parameter of air-silica photonic crystal fiber is computed for single mode propagation as a function of operating wavelength for three different optical communication range, and for each case, periodicity of the micro structured fiber is taken numerically equal to the centre wavelength. Empirical relations method is considered for numerical analysis, and results are compared with analytical findings as predicted by Nielsen [18] . Air-hole spacing is considered inside solid core in a triangular manner, and effective cladding index and effective mode outlines are also calculated as function of operating wavelength. Refractive index of the core is taken as independent of operating wavelength. Simulated results provide the performance of the one-dimensional finite periodic crystal for optical applications.
II. MATHEMATICAL MODELING
We consider a photonic crystal fiber with triangular lattice pattern of holes as shown in Fig 1, where 'd' is the hole, Λ is hole pitch or periodicity of the structure, n core is the refractive index of core material. PCF For simplicity of mathematical computation, we neglect the effect of hole at the center. In order to investigate the single-mode condition, fundamental mode is required to be solved over a wide range of wavelengths. In a conventional fiber, the number of bound modes is governed by V-number, which increases with decrease of wavelength. For such pattern, V-parameter can be given as-
where we assume that α eff i.e., the effective core radius is a function of periodicity, n core is the core index, n fsm is cladding layer index . 
Knowledge on V parameters can be obtained from Eq. (2), where the coefficients can be derived from Eq. (3) and Eq. (4) respectively. The fitting coefficients are obtained from experimental results for the present material composition. Cladding indices can be determined from Eq. (1) when core refractive index is given for a specified PCF structure. For single mode propagation, boundary condition is taken as -
V-parameter was earlier computed using analytical method considering its dependence on wavelength, hole spacing and periodicity, given as
where A, B, C are fitting coefficients. Fig 3 & Fig 4 give the V-parameter profile for 1330 nm and 870 nm periodicity respectively. A comparative study shows that for a particular ratio of hole dimension to periodicity, with decrease of operating wavelength, vparameter reduces. It becomes almost zero for 870 nm when d/Λ is 0.2, and hence the result is omitted as it carries hardly any significance. Thus it may be concluded that Nielsen formula is applicable for a considerable dimension of hole, and also of lower wavelength, i.e., higher frequency region.
III. RESULTS & DISCUSSIONS
It is well-known that 1550 nm is the most suitable optical spectrum for communication purpose, and present day fibers are designed at that range of interest. Hence once V parameter is calculated, cladding index and effective mode profiles are estimated for the same hole diameter to hole pitch ratio, and comparative study are graphically displayed in Fig. 5 & Fig 6.  From Fig. 5 , it can be concluded that with smaller hole diameter for a given periodic structure, refractive index of cladding material remains almost constant, whereas it drastically detoriates for higher value of hole diameter. Same is effective for effective mode profile, as evident form For different effective core radius, cladding index and effective mode profiles are computed as shown in Fig 7 & Fig  8. Periodicity of the structure is made equal to 1550 nm, and effective core radius is assumed as function of periodicity only. It can be observed from Fig. 7 that for lower wavelength region, cladding index rapidly decreases, whereas for larger wavelength region, it begins to saturate. Completely different nature is observed from effective mode profile, as shown in Fig. 8 . Rate of reduction of effective mode is faster for higher wavelength region, and it is more pronounced for lower effective core radius. It may be observed that at required wavelength, cladding index starts to saturate irrespective of the magnitude of effective core radius, but it depends heavily on it as far the effective mode is concerned.
The subscript for V-parameter of one-dimensional photonic crystal fiber is computed using empirical relations method and results are compared with analytical outcome, as prescribed by Nielsen. Results are calculated for three different optical wavelengths i.e., 870 nm, 1330 nm and 1550 nm. Effective mode profile and cladding index profile of a 1D photonic crystal fiber is numerically computed from the estimation of V-parameter for different hole spacing when periodicity of the structure is considered as 1550 nm. Also the parameters are calculated for different effective core radius. Air-hole spacing is varied to observe the effect on those parameters. Effective core radius is considered as a function of periodicity, which is taken as numerically equal to the central wavelength. Refractive index of the core is taken as independent of operating wavelength. The simulated profiles will help the design engineers to fabricate one-dimensional photonic crystal fiber with SiO 2 -air composition at various wavelengths as required for optical communication purpose with greater accuracy.
